U P d 2 Al 3 , has a transition in magnetic field from the normal state to an inhomogeneous superconducting state, known as the LOFF state 2 , followed at lower fields by a first order phase transition to the usual flux lattice state. To investigate this, the author derives a formula for the upper critical field for the LOFF state valid at all temperatures in the clean limit (the previous work of Gruenberg and Gunther was restricted to zero temperature 3 ), and shows that the LOFF state cannot quantitatively explain the phase diagram for U P d 2 Al 3 . This indicates that a more general solution which breaks cylindrical symmetry is necessary to explain the data.
The derivation of H c2 follows that of WHH 4 (the author notes that the alteration of the H c2 equations to incorporate a LOFF state as suggested in the WHH paper is not correct). The LOFF state is obtained by multiplying the usual eigenvector of the Gor'kov equations at H c2 by e iQz . Following the same procedure as WHH, the T c equation is
where
and α n = √ E Fh ω c ω n +id with E F the Fermi energy,hω c the cyclotron frequency,
m * m , and g is the g factor. The quantity η is Q hc 2eH . The results of these equations match the zero temperature curves presented by Gruenberg and Gunther 3 (the author notes that Eq. 10 of that paper does not appear to be written down correctly).
The parameters used for U P d 2 Al 3 are T c0 =2 K, E F =180 K, g=2, and m * =37 (only the ratio E F /m * enters the equations). This yields an upper critical field slope at zero field of 4.2 T/K consistent with experimental data 1 . Fig. 1 shows the low temperature behavior of H c2 for both zero Q and non-zero Q. The zero temperature H c2 is considerably lower than the experimental value of 3.5 T. Moreover, the LOFF state does not exist for T > 0.3 K, whereas the experimental phase lines are split up to T = 1.7 K. One can increase H c2 by decreasing the g factor (note, the conduction electrons are relativistic in this case, so the g factor can differ significantly from 2), but this leads to a rapid suppression of the LOFF state (a g of 1.5 gives an H c2 of 3.5 T, but no LOFF state). Another approach is to increase T c0 as suggested by Gloos et al 1 , the idea being that the actual T c at zero field is somewhat suppressed over its bare value by pair breaking from the antiferromagnetism. This is demonstrated by the other set of curves in Fig. 1 , where a T c0 of 2.3 K is used.
Although these curves are improved over the previous set, the LOFF state does not exist for T > 0.5 K, compared to the experimental value of 1.7 K.
Although the author believes that the physical scenario put forth in Ref. 1 is reasonable, it appears that the LOFF state is too restrictive to explain the data. If one generalizes Q to a vector, then one of the form (Q x , iQ x , Q z ) also satisfies Eq. 1, but with the same T c . Thus, to do better than this, one must break cylindrical symmetry (this is likely caused by the antiferromagnetism, as suggested in Ref. 1) . In that case, though, the Abrikosov solution is no longer valid. To obtain the more general solution would require rederiving Eq. 1 with a spatially dependent field, a challenging problem which hopefully will be taken up in the future.
